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Use a first aperture device with a first fixed

aperture to shape an ion beam, such thata| 211

portion of a substrate is implanted by a first
shaped ion beam.

Replace the first aperture device with a first
fixed aperture by a second aperture device | 212
with a second fixed aperture, which is
different than the first fixed aperture.

Use the second aperture device with the

second aperture to shape the ion beam, | 213
such that another portion of the substrate is

implanted by a second shaped ion beam.

FIG.2E (Prior Art)
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Use an aperture device with a variable
aperture to shape an ion beam, such thata| 214
portion of a substrate is implanted by a first

shaped ion beam.

Adjust one or more of shape and size of the
: —— 215
variable aperture.

Use the aperture device with the variable

aperture to shape the ion beam, such that | 216

another portion of the substrate is implanted
by a second shaped ion beam.

FIG.2H
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Adjust a variable aperture within an aperture device, such
that the substrate is implanted by a shaped ion beam
shaped by the variable aperture.

FIG.3A
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Provide an ion beam and a substrate.
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2
Shape the ion beam by a variable aperture within an
aperture device before the substrate is implanted by the
shaped ion beam, wherein one or more of size and shape
of the variable aperture is flexibly adjustable.
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1
IMPLANT METHOD AND IMPLANTER BY
USING A VARIABLE APERTURE

CROSS-REFERENCE TO RELATED
APPLICATION

This is a continuation of U.S. Non-provisional application
Ser.No. 12/748,877, filed Mar. 29, 2010, the content of which
is incorporated herein by reference in its entirety.

BACKGROUND

1. Field

The invention generally relates to an implant method and
an implanter for implanting substrate, and more particularly
relates to a method and an implanter capable of implanting
different portions of one or more substrate by using different
customized ion beams shaped respectively by a variable aper-
ture located right in front of the one or more substrate.

2. Description of Related Art

Ingeneral, as shownin FIG. 1A, animplanter has atleast an
ion source 101 and an analysis magnet 102. An ion beam 103
is generated by the ion source 101 and then analyzed by the
analysis magnet 102 to screen out the ions with un-desired
charge-mass ratio(s). After that, the ion beam 103 is
implanted into a substrate 104 (such as a wafer or a panel). As
usual, the quality of the ion beam 103 outputted from the
analysis magnet 102 is not good enough for efficiently
implanting the substrate 104. For example, the ion beam
current distribution on the cross section of the ion beam 103
may be undulant or have a long tail. Then, the implantation of
the ion beam 103 on the substrate 104 may be non-uniform if
no extra step/device is used to improve the distribution of
implanted ions (or atoms and/or molecules) in the substrate
104. For example, it is common that in certain beam current
and/or energy range for a given species of ion beam 103, the
beam shape, size or cross section falls short from the spec
requirements. Then, the dose distribution control for one or
more dose regions on the substrate 104 cannot be optimized.
For example, for dose split or other non-uniform implanta-
tion, different portions of the substrate 104 require different
doses. Then, even the quality of a fixed ion beam 103 is well
qualified for one dose region, different portions still have to
be implanted differently for providing different doses by
using the fixed ion beam 103. Note that this is true for both
types of beams typically used, the spot ion beam and the
ribbon ion beam.

One prior art, as shown in FIG. 1B, improves these disad-
vantages by using the magnet assembly 105 to further
enhance the beam optics for modifying (deforming, collimat-
ing and/or deflecting) the beam 103 in a position between the
analysis magnet 102 and the substrate 104. As usual, the
magnet assembly 105 has one or more magnet, where each
magnet may provide a uniform or non-uniform magnetic
field. However, the details of the magnet assembly 105 are not
limited. Herein, as an example, the magnet assembly 105 is
located around the trajectory of the ion beam 103, such that
the motion of each ion of the ion beam 103 is directly modi-
fied by the magnetic field generated by the magnet assembly
105. Hence, by properly adjusting the operation of the magnet
assembly 105, such as adjusting the current applied to the
magnets or adjusting the relative geometric relations among
different magnets, the ion beam 103 is correspondingly modi-
fied and then the projected area of the ion beam 103 on the
substrate 104 can be correspondingly adjusted. However, the
cost of the magnet assembly 105 is high, the precise adjust-
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ment of the magnetic field is difficult, and the process of
modifying ion beam by the magnetic field is complex and
time consuming.

Another prior art, not shown in any figure, improves these
disadvantages by adjusting the operation of the ion source
101 and/or the analysis magnet 102, such that the ion beam
103 outputted from the analysis magnet 102 may be modified
well. However, the cost is high and the operation is complex,
and the room for adjustment of the ion beam 103 is limited.
The other prior art, not shown in any figure, improves these
disadvantages by adjusting the scan parameter(s), such as
scan path pitch and the scan speed, such that different implan-
tation are differently achieved by the same ion beam 103.
Similar, the cost and the operation still is high and complex,
and the room for adjustment of the scan parameter(s) is lim-
ited.

Still one prior art, as shown in FIG. 1C, improves these
disadvantages by using an aperture device 106 with a fixed
aperture 107 to shape the ion beam 103 before the substrate
104 in implanted by the shaped ion beam 103. Reasonably, by
properly choosing the fixed aperture 107, the ion beam 103
can be shaped without modifying the ion beam 103 itself. In
other words, the prior art does not need to further modify the
ion beam 103 outputted from the analysis magnet 102 by any
magnetic/electric filed and also does not need to adjust the
operation of the ion source 101 and/or the analysis magnet
102. In addition, the fixed aperture only can shape the ion
beam 103 but cannot adjust the ion beam 103, such as adjust-
ing the ion beam current distribution on the cross section of
the ion beam 103. Hence, another prior art as shown in FIG.
1D positions the fixed aperture 107 within the aperture device
106 at an end of a beam optics and right in front of the
substrate 104. Hence, after the ion beam 103 is modified by
the beam optics, the ion beam 103 can be further shaped by
the fixed aperture 107 again to achieve better shape of pro-
jected area of the ion beam 103 on the substrate 102. In other
words, by using the fixed aperture 107, the required adjust-
ment of the ion beam 103 provided by the beam optics can be
less strict than the required adjustment of the ion beam pro-
vided by the beam optics without using any aperture. How-
ever, the two prior arts have a major disadvantage: lack of
flexibility. The shape and the size of a fixed aperture 107 is
fixed, and then the room for adjusting of the shaped ion beam
103 is finite even the overlap between the ion beam 103 and
the fixed aperture 107 is changed by shifting the aperture
device 106 aperture device along a direction vertical to the ion
beam 103 and/or rotating the aperture device 106 around
another direction in three-dimensional space at intersecting
of'the ion beam 103 through a tilt or twist mechanism. Hence,
multiple aperture devices 106 with different fixed apertures
107 are required and then the implantation on one or more
substrate 104 may be interrupted several times for substitut-
ing the multiple aperture devices 106 to use different fixed
apertures 107 for achieving different implantations.

Accordingly, it is still desirable to develop different
approach to improve the above disadvantages, especially to
develop a simple and cheap approach.

BRIEF SUMMARY

The present invention is directed to an implant method and
an implanter capable of shaping an ion beam before a sub-
strate is implanted by the shaped ion beam. Herein, an aper-
ture device with a variable aperture is used to shape the ion
beam, such that the shape and/or the size of the ion beam is
confined and modified by the variable aperture. Therefore,
different shaped ion beams can be differently provided by
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simply adjusting the variable aperture, even further by shift-
ing, tilting and/or twisting the variable aperture. In other
words, the flexibility of the proposed variable aperture is
significantly high.

Some potential applications of the proposed variable aper-
ture are related to the optimization of the implantation of a
substrate. Herein, the variable aperture is flexibly adjusted so
let both the size and the shape of the projected area of an
shaped ion beam on the substrate(s), even the quality of the
shaped ion beam, is optimized. For example, the variable
aperture can be flexibly adjusted to implant different dose
regions with different shaped ion beams without re-tuning the
ion beam or replacing the hardware used to adjust the ion
beam. Another potential application of the present invention
is to flexibly adjust the variable aperture according to an ion
beam current distribution on the cross section of the ion beam,
such that only a desired portion of the ion beam is implanted
into the substrate. Herein, the desired portion may be a con-
stant-value-like central portion or a Gaussian-distribution-
like central portion. For example, when the ion beam has a
long tail, i.e. long tail on its cross section, it is optional to
flexibly adjust the variable aperture to properly cut off the
long tail such that the control of the implantation on substrate
is not affected by the long tail. The other potential application
of the proposed variable aperture is to flexibly adjust the
variable aperture to shape the ion beam for implanting each
dose region on the substrate according to at least one of the
following: a required dose of the dose region, a shape of the
dose region, and a size of said dose region. Reasonably, the
potential application is more suitable for the dose split,
because different shaped ion beams required to implant dif-
ferent dose regions may be efficiently acquired by only
adjusting the variable aperture. Still a further potential appli-
cation of the present invention is to accelerate the beam tune
process for providing different ion beams to achieve different
implantations on one or more substrate. Initially, the ion beam
generated by the ion source is modified by a beam optics
(such as the analysis magnet and the magnet assembly), such
that at least a specific portion of the cross section of the ion
beam has good enough quality. Then, by flexibly adjusting the
variable aperture, the specific portion of the ion beam may be
separately shaped to form the required different ion beams
without amending the ion beam itself.

One embodiment of the present invention is an implant
method for implanting a substrate. Initially, provide an ion
beam and a substrate. Then, adjust a variable aperture within
an aperture device, such that the substrate is implanted by a
shaped ion beam shaped by the variable aperture. Herein, one
or more of size and shape of the variable aperture is adjust-
able. To enhance the efficiency, the variable aperture within
the aperture device is positioned at end of a beam optics and
right in front the substrate. Hence, after the current distribu-
tion on the cross section of the ion beam is tuned well by the
beam optics, the ion beam may be shaped simply by only
adjusting the variable aperture without further adjustment on
the beam optics. Optionally, the variable aperture is adjusted
after the substrate is implanted and before a different sub-
strate is implanted, such that different substrates are
implanted by different shaped ion beams. Optionally, the
variable aperture is adjusted at least twice during an implan-
tation on a substrate, such that different portions of the sub-
strate are implanted by different shaped ion beams.

Another embodiment of the present invention is an implant
method for implanting a substrate. Initially, provide an ion
beam and a substrate. Then, shape the ion beam by a variable
aperture within an aperture device before the substrate is
implanted by the shaped ion beam, wherein one or more of
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size and shape of the variable aperture can be flexibly adjust-
able. Herein, to enhance the efficiency, the variable aperture
within the aperture device is positioned at an end of a beam
optics and right in front of the substrate. Hence, after the
current distribution on the cross section of the ion beam is
tuned well by the beam optics, the ion beam may be shaped
simply by only adjusting the variable aperture without further
adjustment on the beam optics. Optionally, the variable aper-
ture is adjusted after the substrate is implanted and before a
different substrate is implanted, such that the different sub-
strates are implanted by different shaped ion beams. Option-
ally, the variable aperture is adjusted at least twice during an
implantation on a substrate, such that different portions of the
substrate are implanted by different shaped ion beams.

Note that the invention does not limit the mechanical
design of the aperture device with the variable aperture. For
example, it can be some movable plates that each has an
opening, or a combination of a fixed plate having an opening
and a movable plate without any opening.

DESCRIPTION OF THE FIGURES

FIG. 1A to FIG. 1D respectively schematically illustrates
the essential mechanism of some conventional implanters.

FIG. 2A to FIG. 2B schematically illustrates the essential
mechanism of an implanter according to two embodiments of
the present invention

FIG. 2C to FIG. 2E illustrate how different shaped ion
beams are generated and a corresponding flowchart accord-
ing to the usage of the conventional fixed aperture.

FIG. 2F to FIG. 2H illustrate how different shaped ion
beams are generated and a corresponding flowchart accord-
ing to one embodiment of the present invention.

FIG. 3A to FIG. 3B respectively illustrates an implant
method according to two embodiment of the present inven-
tion.

FIG. 4A 1o FIG. 4C illustrate schematic views for showing
how the practical ion beam current distribution of an ion beam
to be implanted into a substrate is amended according to one
embodiment of the present invention.

FIG. 5 illustrates a schematic view for showing how the
dose split situation is properly achieved according to one
embodiment of the present invention.

FIG. 6A to FIG. 6D illustrates a schematic view for show-
ing how the beam tune process is accelerated according to one
embodiment of the present invention.

DETAILED DESCRIPTION

Reference will now be made in details to specific embodi-
ments of the present invention. Examples of these embodi-
ments are illustrated in the accompanying drawings. While
the invention will be described in conjunction with these
specific embodiments, it will be understood that the intent is
not to limit the invention to these embodiments. In fact, it is
intended to cover alternatives, modifications, and equivalents
as may be included within the spirit and scope of the invention
as defined by the appended claims. In the following descrip-
tion, numerous specific details are set forth in order to provide
a thorough understanding of the present invention. The
present invention may be practiced without at least one of
these specific details. In other instances, the well-known pro-
cess operation is not described in detail in order not to obscure
the present invention.

FIG. 2A schematically illustrates the essential mechanism
of an implanter in accordance with one embodiment of this
invention. Herein, the ion source 201 generates the ion beam
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203 and the analysis magnet 202 screens out the ions with
un-desired charge-to-mass ratios from the ion beam 203.
Both the ion source 201 and the analysis magnet 202 may be
viewed as an ion beam generation assembly. Before the sub-
strate 204 is implanted, the ion beam 203 is shaped by the
variable aperture 207 within the aperture device 206, such
that one or more of shape and size of the ion beam 203
implanted into the substrate 204 (such as wafer and panel) can
be different than that of the ion beam 203 just outputted from
the analysis magnet 202. By comparing FIG. 2A with FIG.
1C, one main characteristic of the embodiment is the variable
aperture 207. In the prior art, both the shape and the size of the
fixed aperture 107 are fixed, and then the cross section of the
shaped ion beam 103 also has a fixed shape and size. In
contrast, in the embodiment, both the shape and the size of the
variable aperture 207 may be variable among a range. Hence,
both the shape and the size of the cross section of the shaped
ion beam 203 also may be variable among the range. Herein,
both the shape and the size of the variable aperture 207 are not
particularly limited. For example, the shape of the variable
aperture 107 can be oval, ellipse, circle or other contour
capable of ensuring smooth ion beam current distribution of
the shaped ion beam. Moreover, to enhance the efficiency of
acquiring required ion beam, as the embodiment shown in
FIG. 2B, the variable aperture 207 within the aperture device
206 is located right in front of the substrate 204 and at and end
of the beam optics (such as the combination of the analysis
magnet 202 and the magnet assembly 205). Herein, the
details of the beam optics 205 are omitted because it may be
any well-known beam optics. Furthermore, the aperture
device 206 can be shifted along a direction vertical to the ion
beam 103 and/or rotated around another direction in three-
dimensional space at intersecting of theion beam 103 through
a tilt and/or twist mechanism, such that the overlap between
the ion beam 103 and the variable aperture 207 may be further
changed and then the room for adjustment of the shaped ion
beam is increased. Note that the shift/tilt/twist mechanism of
the aperture device 206 can be equal to the shift/tilt/twist
mechanism of the aperture device 106, and then the related
details are not discussed hereinafter.

FIG. 2C to FIG. 2E shows how to use the conventional
fixed aperture as shown in FIG. 1C and FIG. 1D to implant
different dose regions with different shaped ion beams, and
FIG. 2F to FIG. 2H shows how to use the proposed variable
aperture to implant different dose regions with different
shaped ion beams. As shown in FIG. 2C and FIG. 2D, differ-
ent aperture devices 1061/1062 with different fixed apertures
1071/1072 are separately used to shape the same ion beam
103 for forming different shaped ion beams to separately
implant different dose regions, such as different portions of
the substrate 104. The corresponding method is shown in
FIG. 2E. Herein, akey step is the block 212 that replace a first
aperture device with a first fixed aperture by a second aperture
device with a second fixed aperture, which is different than
the first fixed aperture. In contrast, as the embodiment shown
in FIG. 2F and FIG. 2G, one and only one aperture device 206
with a variable aperture 207 is used to shape the same ion
beam 103 for forming different shaped ion beams to sepa-
rately implant different dose regions, such as different por-
tions of the substrate 204. The corresponding method is
shown in FIG. 2H. Herein, a key step is the block 215 where
the aperture device 206 is adjusted such that one or more of
size and shape of the variable aperture 207 is adjusted. Of
course, the key is how to provide different shaped ion beams
for implanting different dose regions but not how the dose
regions are distributed. In other words, the embodiment
shown in FIG. 2E to FIG. 2H can be expanded to cover the
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case that different substrates 204 have different required
doses but each substrate 204 has one and only one dose
region.

The proposed variable aperture also may be used to accel-
erate the beam tune process. For example, different but simi-
lar shaped ion beams may be required to implant different lots
of'substrates, such that different substrates may have different
uniform doses. In such situation, after an original ion beam is
acquired by properly adjusting the beam optics, the different
shaped ion beams may be separately acquired by repeatedly
adjusting the variable aperture. Initially, the variable aperture
is set to have a first shape and a first size so let a first shaped
ion beam may be generated by using the variable aperture to
shape the original ion beam. Then, after some substrates
having a first dose are all implanted, the variable aperture is
adjusted to have a second shape and a second size so let a
second shaped ion beam may be generated by the adjusted
variable aperture to shape the same original ion beam. By
repeating the above steps, different substrates having differ-
ent doses may be implanted by only adjusting the variable
aperture to separately shape the original ion beam. In other
words, the beam optics, even the ion source, needs not be
repeatedly adjusted to provide different ion beams for
implanting different substrates with different doses. Also,
need not to exchange the aperture device with the variable
aperture during a period of implanting different substrates
with different doses. Accordingly, the beam tune process is
accelerated and faster than other beam tune process using the
above prior arts.

Reasonably, to achieve the same room of adjustment on the
shaped ion beam, an aperture device 206 with a variable
aperture 207 can replace some aperture devices 106 that each
has an individual fixed aperture 107, and then both the total
hardware cost is reduced and the flexibility of adjusting the
shaped ion beam is increased. Also, the step of replacing
multiple aperture devices 106 with different fixed apertures
107 is replaced by the step of adjusting a variable aperture 206
with an aperture device 207, and then the time consumption
used to provide different shaped ion beam is reduced. More-
over, as usual, these different aperture devices 106 are stored
outside the implanter chamber for reducing the chamber size,
and then both the vacuum venting process and the vacuum
pumping process are desired for replacing different aperture
devices 106. In contrast, the adjustment of an aperture device
206 located inside the implanter chamber can be achieved
without any vacuum venting process or any vacuum pumping
process. Hence, the operation is simplified and the risk of
contamination is reduced.

Other embodiments include two methods for implanting a
substrate, as shown in FIG. 3A and FIG. 3B. In the former
embodiment, as shown in block 301, provide an ion beam and
a substrate; and as shown in block 302, adjust a variable
aperture within an aperture device, such that the substrate is
implanted by a shaped ion beam shaped by the variable aper-
ture. One main character of this embodiment is the step of
adjusting the variable aperture. In the latter embodiment, as
shown in block 303, provide an ion beam and a substrate; and
as shown in block 304, shape the ion beam by a variable
aperture within an aperture device before the substrate is
implanted by the shaped ion beam, wherein one or more of
size and shape of the variable aperture is flexibly adjustable.
One main character of the embodiment is the limitation “one
or more of size and shape of the variable aperture is flexibly
adjustable”. Moreover, for both embodiments, the variable
aperture can be adjusted again after the substrate has been
completed implanted and before another substrate is
implanted. Hence, different substrates can be implanted by
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different shaped ion beams in sequence. Similarly, for both
embodiments, the variable aperture can be adjusted at least
twice during the implantation of the substrate. Hence, differ-
ent portions of the substrate can be implanted by different
shaped ion beams.

One more embodiment is a potential application of the
proposed variable aperture. As shown in FIG. 4A, an idealion
beam current distribution on a cross section of the ion beam
may be a symmetric curve which has a smooth and non-
undulant portion and a short tail locating on the edge of the
smooth and non-undulant portion Herein, the term “smooth
and non-undulant portion” is more generally referring to a
beam profile leading to more uniform dose distribution after
one or more scans on the substrate, when the scan parameter
may be adjusted accordingly. However, in the practical world,
as shown in FIG. 4B, the real ion beam current distribution on
the cross section of the ion beam may be asymmetrical and/or
may have a long tail. The differences between the practical
distribution and the ideal distribution usually are proportional
to the size of the ion beam, and usually are distributed on the
edge of the ion beam current distribution. The difference
between the practical distribution and the ideal distribution
also may be time dependent and may be different for different
required ion beam currents and ion beam voltages. Therefore,
as shown in FIG. 4C, by using the proposed aperture device
206 with variable aperture 207, the ion beam can be flexibly
and efficiently shaped so that the quality of shaped ion beam
almost is not affected by the differences between the ideal ion
beam current distribution and the practical ion beam current
distribution. For example, after the practical ion beam current
distribution is detected by a beam profiler, the variable aper-
ture may be flexibly adjusted to have a specific size and a
specific shape corresponding to a required smooth and non-
undulant portion of the practical ion beam current distribu-
tion. The, by using the adjusted variable aperture to shape the
ion beam, essentially only the required portion of the practical
ion beam will be used to implant the substrate. Note that FIG.
4C only is an idea figure where both the size and the shape of
the shaped ion beam are perfectly equal to that of the adjusted
variable aperture 207. Indeed, owing to at least the space
charge effect, the size and the shape of the projected area of
the shaped ion beam on the substrate should be different than
the size and shape of the adjusted variable aperture 207.
However, owing to the variable aperture 207 usually is posi-
tioned very close to the substrate, the effect of the variable
aperture 207 essentially is not degraded by it.

Another embodiment also is a potential application of this
proposed variable aperture. The potential application is
related to the “dose split”, especially is related to the situation
that different dose regions on same substrate requires differ-
ent doses. As shown in FIG. 5, two dose regions 501/502 with
different sizes/shapes are separately located on the substrate
500. Then, by using the aperture device 206 with the variable
aperture 207, two shaped ion beams are respectively used to
implant the two dose regions 501/502. For the situation that
the two dose regions 501/502 require different doses, the two
shaped ion beams will have different sizes (different lengths
and/or different widths). Clearly, the projected areas of the
different shaped ion beams on the substrate 500 will have
different size, and then the implanted area of the different
shaped ion beams will be different even the different shaped
ion beams are moved along same scan path with same scan
speed. The wider the shaped ion beam is, the larger the
implanted area is. Therefore, even the scan parameters’ val-
ues (such as the scan path and the scan speed) are uniformly
distributed over the substrate 500 (at least uniformly distrib-
uted over the dose regions 501/502), the two dose regions
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501/502 will have different doses after both the dose regions
501/502 are thoroughly scanned by the different shaped ion
beams respectively.

Still another embodiment also is a potential application of
the proposed variable aperture. In FIG. 5, the shape of each of
dose regions 501/502 is simple and regular. However, some-
times, the dose regions may have irregular shapes. For
example, a former deposition process may be imperfectly
preceded and then a deposited film with non-uniform thick-
ness is formed on a substrate. Note that the etching rate of the
deposited film may be changed if the quality of the deposited
film is changed by implanted atoms/molecules/ions. Hence, a
non-uniform implanting process may be performed to non-
uniformly change the quality of the deposited film before a
latter uniform etching process is performed. Herein, the
higher the thickness of a portion of the deposited layer is, the
lower the implant dose in this portion ofthe deposited layer is.
Therefore, one advantage of this embodiment is significant.
The shape/size of the variable aperture can be continuously
adjusted during a period of scanning an ion beam through a
substrate, such that the shaped ion beam can be continuously
adjusted to fit the shape of different dose regions correspond-
ing different portions of the non-uniform deposited film.

Further, another embodiment is related to how to accelerate
the beam tune process by the proposed variable aperture as
shown in FIG. 6 A to FIG. 6D. Initially, as shown in FIG. 6 A,
an original ion beam 600 and a variable aperture 61 within an
aperture device 62 are provided. Herein, the original ion beam
600 is outputted from an analysis magnet and has original ion
beam current distribution 641 on the cross section of the
original ion beam 600, which may be measured by using a
beam profiler. Then, as shown in FIG. 6B, the original ion
beam 600 is further modified by using a manage assembly 65
which is a portion of a beam optics, even by changing the
operation of an ion source. Hence, an amended ion beam
current distribution 642 on the cross section of the modified
ion beam 601 is acquired. Herein, the amended ion beam
current distribution 642 is smoother and less undulant than
the original ion beam current distribution 641, and essentially
has a desired central portion and a surrounding tail. Herein,
the desired portion may be a constant-value-like central por-
tion or a Gaussian-distribution-like central portion. As usual,
one or more of the shape and the size of the modified ion beam
601 is different that of the original ion beam 600. Next, as
shown in FIG. 6C, the aperture device 62 is adjusted so that
the variable aperture 61 is smaller than or equal to the desired
central portion. Finally, as shown in FIG. 6D, the modified ion
beam 601 is shaped by the adjusted variable aperture 61
within the aperture device 62, so as to let a shaped ion beam
602 with good ion beam current distribution 643 on its cross
section be implanted into a substrate. Accordingly, by using
the proposed variable aperture 61, the beam tune process may
be simplified into two steps. In the first step, the ion beam 60
is briefly modified by the beam optics to have at least a desired
portion. In the second step, the variable aperture 61 to only
allow the desired central portion become a shaped ion beam
602 to be finally implanted into the substrate 66. Reasonably,
when beam optics are used to only briefly modify the original
ion beam 600 but not directly acquire the final shaped ion
beam 602, the modification of the beam optics is significantly
simplified. Not only may time consumption of the adjustment
of the beam optics be reduced, but also the required adjust-
ment preciseness of the beam optics may be simplified.
Besides, to compare the prior art of using the fixed aperture,
avariable aperture 61 can support a large room for adjustment
of'the ion beam 103. Thus, not only the cost of multiple fixed
apertures may be saved, but also the time consumption and
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potential contamination during the step of replacing different
fixed aperture may be reduced. Thus, the beam tune process is
significantly accelerated by the usage of the variable aperture.

In addition, the proposed variable aperture can be used to
flexibly shape the ion beam, no matter whether it is spot ion
beam or a ribbon ion beam. The aperture device will block
partial ion beam and allow partial ion beam to pass through
the variable aperture. Herein, to avoid potential contamina-
tion and overcome the high temperature issue raised by the
collision between the ion beam and the aperture device, the
material of the aperture device usually is graphite. Moreover,
to further improve the quality of the implantation by using the
present variable aperture, it is optional to adjust the variable
aperture when the ion beam is not projected on the substrate,
such that the substrate will be implanted by only properly
adjusted shaped ion beam(s). In other words, during a period
of adjusting the variable aperture, the ion beam and/or the
substrate may be parked. For example, the substrate may be
parked when the substrate is at position not seeing the ion
beam, such as parking the substrate at a scan turn around point
when the ion beam is tuning or the variable aperture is
adjusted. For example, the ion beam may be parked by turn-
ing off the analysis magnet or suppressing landing of the ion
beam where there is cooling, especially when a long duration
is expected.

Note that both the magnetic field and/or the electric field
are efficient to modify an ion beam, no matter to the change
the shape of the ion beam to change the ion beam current
distribution on the cross section of the ion beam. Hence, it is
popular to use the beam optics to modify the ion beam firstly,
and then to use the variable aperture within the aperture
device in shape the modified ion beam in sequence. However,
the potential applications of the proposed variable aperture
may be independent on the usage of the beam optics, and also
the characteristic of the proposed variable aperture is not
limited by other portions of the beam optics.

Furthermore, the invention never limits the details of the
mechanical design of the aperture device 206 and the variable
aperture 207. For example, the aperture device 206 can have
some movable plates where each has an opening. Hence, the
overlap of these openings can form the variable aperture 207,
and the relative movement among these movable plates can
adjust one or more of size and shape of the overlap (i.e. one or
more of size and shape of the variable aperture 207). For
examples, the aperture device 206 may be some plates
capable of moving relative to each other, a combination of a
fixed plate and a movable plate where each plate has a hole, or
a combination of four plates where two is movable along
X-direction and another two is movable along Y-direction.
Hence, the variable aperture can be adjusted by modifying a
relative geometric relation among one or more plates used to
define the variable aperture, or by moving one or more plates
used to define said variable aperture.

Variations of the method and the implanter as described
above may be realized by one skilled in the art. Although the
method and the implanted have been described relative to
specific embodiments thereof, the invention is not so limited.
Many additional changes in the embodiments described and/
or illustrated can be made by those skilled in the art. Accord-
ingly, it will be understood that the present invention is not to
be limited to the embodiments disclosed herein, can include
practices other than specifically described, and is to be inter-
preted as broadly as allowed under the law.

What is claimed is:
1. A method of implanting different ion doses onto differ-
ent portions of a substrate using an ion beam and a variable
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aperture, wherein the substrate has a first portion and a dif-
ferent second portion, the method comprising:
producing the ion beam and directing the produced ion
beam to the variable aperture;
shaping the ion beam using the variable aperture to form a
first shaped ion beam based on a first ion beam param-
eter,
wherein the shaping of the first shaped ion beam com-
prises directing the ion beam through a magnetic
field;
applying the first shaped ion beam to the first portion of the
substrate,
wherein the applying of the first shaped ion beam com-
prises translating the first shaped ion beam from the
first portion of the substrate towards the second por-
tion of the substrate,
wherein the first ion beam parameter remains fixed dur-
ing the applying of the first shaped ion beam;
after the first shaped ion beam translates beyond the first
portion of the substrate, translating the first shaped ion
beam toward the second portion of the substrate;
turning off the magnetic field at least momentarily while
translating in between the first portion of the substrate
and the second portion of the substrate;
after applying the first shaped ion beam, directing the first
shaped ion beam away from the substrate, and while
directing the first shaped ion beam away from the sub-
strate, shaping the ion beam using the variable aperture
to form a second shaped ion beam based on a second ion
beam parameter,
wherein the second ion beam parameter is not identical
to the first ion beam parameter;
wherein the ion beam remains on while the variable
aperture adjusts to shape the ion beam from the first
shaped ion beam to the second shaped ion beam,
wherein the shaping of the ion beam from the first
shaped ion beam to the second shaped ion beam
begins and completes during the translating of the first
shaped ion beam toward the second portion of the
substrate; and
applying the second shaped ion beam to the second portion
of the substrate,
wherein the applying of the second shaped ion beam
comprises translating the second shaped ion beam
from the second portion of the substrate towards the
first portion of the substrate,
wherein the second ion beam parameter remains fixed
during the applying of the second ion beam.
2. The method of claim 1,
wherein the applying of the first shaped ion beam to the first
portion of the substrate and the applying of the second
shaped ion beam to the second portion of the substrate
occur at the same scan speed.
3. The method of claim 1,
wherein the ion beam remains moving at the scan speed
while translating in between the first portion of the sub-
strate and the second portion of the substrate.
4. The method of claim 1,
wherein the ion beam momentarily stops while translating
in between the first portion of the substrate and the
second portion of the substrate.
5. The method of claim 1,
wherein only one ion beam and only one variable aperture
are used.
6. The method of claim 1,
wherein the first portion of the substrate and the second
portion of the substrate have different sizes.
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7. The method of claim 1,

wherein the first ion beam parameter and the second ion
beam parameter each comprises a beam shape and a
beam size.

8. The method of claim 7,

wherein the first shaped ion beam is smaller in size than the
second shaped ion beam.

9. The method of claim 7,

wherein the first shaped ion beam is larger in size than the
second shaped ion beam.

10. The method of claim 7,

wherein the first shaped ion beam is different in shape from
the second shaped ion beam.

11. The method of claim 1,

wherein the first ion beam parameter relates to an ion beam
current distribution.

12. The method of claim 11, wherein the ion beam has an

ion beam current distribution that comprises a center region
between two outer regions, the method further comprising:

wherein the shaping ofthe ion beam to form the first shaped
ion beam comprises using the variable aperture to block
at least one of the two outer regions from the shaped ion
beam.

13. The method of claim 12,

wherein the second ion beam parameter relates to an ion
beam current distribution.

12

14. The method of claim 13,

wherein the shaping of the ion beam to form the second
shaped ion beam comprises using the variable aperture
to block at least one of the two outer regions from the ion
beam.

15. The method of claim 13,

wherein the shaping of the ion beam to form the first shaped
ion beam comprises changing the size of a cross-section
of the ion beam.

16. The method of claim 15,

wherein the shaping of the ion beam to form the second
shaped ion beam comprises changing the size of a cross-
section of the ion beam.

17. The method of claim 13,

wherein the shaping of the ion beam to form the first shaped
ion beam comprises changing the shape of a cross-sec-
tion of the ion beam.

18. The method of claim 17,

wherein the shaping of the ion beam to form the second
shaped ion beam comprises changing the shape of a
cross-section of the ion beam.

19. The method of claim 1, wherein the ion beam is parked

when the magnetic field is turned off.
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